Abstract. This paper presents the elements of metrology laboratory accreditation for calibration in the scope of calibration E-05 dimensions, and calibration for the subject: distance and angle measures. Within the technical requirements for the competence of calibration laboratories (ISO/IEC 17025:2006), the requirements relating to the providing confidence in the quality of the results of the calibration are defined. Each laboratory must have the quality management procedures for monitoring the validity of the calibrations performed. This monitoring will be planned and reviewed through: internal quality control, participation in the inter-laboratory comparisons or proficiency testing schemes, repeated calibrations using the same or different methods, recalibration of the saved samples and correlation of results for different characteristics of the sample. The procedure and the results of the inter-laboratory comparisons between two accredited laboratories will be described in particular: Metrological Laboratory for Angle and Length Calibration, Faculty of Civil Engineering, University of Belgrade (ML160), and Metrological Laboratory of High Construction-Surveying School to Professional Studies (MLVGGS). Comparing results are analysed within the defined criteria with pre-planned effort to solve the problem and prevent incorrect results that appear in the report. The procedures are based on the application of best practice solutions. Since the ML160 laboratory was included in the family of accredited laboratories, the laboratory staff has been putting great effort to ensure the quality of work and the quality control of the work, in accordance with the requirements of ISO/IEC 17025:2006. In order to maintain their competency the ML160 laboratory conducts internal and external quality control. This paper will present the inter-laboratory comparisons as a form of external quality control in which the ML160 laboratory has participated.
Introduction
Ensuring confidence in the quality of testing and calibration results in accordance with the general requirements ( Quality control data shall be analysed and, where they are found to be outside pre-defined criteria, planned action shall be taken to correct the problem and to prevent incorrect results from being reported."
In order to maintain their competency the ML160 laboratory conducts internal and external quality control. This paper will present the inter-laboratory comparisons as a form of external quality control in which the ML160 laboratory has participated.
Inter-laboratory comparison
Participation in inter-laboratory comparisons provides to participating laboratories an objective way of evaluation and presentation of data reliability. In accordance with the standard (ISO/IEC 17043:2010) Inter-laboratory Comparison is the organisation, implementation and evaluation of test results of the same or similar testing objects/samples by two or more laboratories in accordance with predetermined conditions. This is an important activity of the laboratory and the result of participation in certain testing conditions is the data that testifies to the laboratory competence. The result analysis of inter-laboratory comparisons should provide data on: the number of participating laboratories, the number of calibration samples; it should describe the obtained values, their accuracy and differences. The obtained values should be set to allow proper result evaluation of participating laboratories.
Common types of inter-laboratory comparisons are: 1. inter-laboratory comparison using the technique of successive testing, when the participating laboratories in sequence, and according to the predetermined order, perform testing of the same sample. The disadvantages of this comparison are the long testing time. This comparison requires steadiness and stability, as well as the homogeneity of the sample. 2. inter-laboratory comparison using the technique of comparative testing, when the participating laboratories simultaneously perform testing of the same sample, during the period predetermined by the organisers. For this comparison the sample homogeneity is essential. 3. inter-laboratory comparison using the technique of sharing a sample, most commonly used by laboratory users. In this case, the sample is tested in two participating laboratories simultaneously. It is desirable that the user saves another sample for the "third" laboratory, in case of significant differences between the test results. This procedure is known as "super-analysis". Implementation, participation, as well as the effect of inter-laboratory comparisons, is an important evidence for the laboratories when assessing the technical competency by the accreditation body. During the processing of the results obtained in the inter-laboratory comparison it is necessary to consider: the number of participating laboratories, the number of test samples and the number of repeated tests on each sample, assessment of assigned values, assessment of inconsistent values, precision and accuracy of the obtained results and the differences between the participating laboratories at the desired level of confidence [11] .
For the statistical analysis of the results obtained in inter-laboratory comparison, the procedures described in the section B. 
where:
x-participants' results, X -the assigned value, 
Calibration of geodetic instruments
The [7] covers metrological provision of geodetic work and standardisation. Metrological provision implies the establishment of metrological characteristics of surveying instruments before use in the state survey and real estate and power lines cadastre maintenance. Surveying instruments are subject to the first examination of measures, periodic and emergency examination of measures, which is evidenced by a certificate of an accredited laboratory.
In the process of the laboratory accreditation: Table 2 .
Distance-meter calibration
Inter-comparison was performed by determining additive constant of electromagnetic distance-meter and comparing the results. Both inter-comparison participants used the same electromagnetic distance-meter and the same corresponding prism provided by the ML160 laboratory. The instrument SOKKIA SET630R, whose determination of additive constant was the subject of inter-comparison, measures lengths and angles. Measuring uncertainty of length, expressed as a standard deviation, has the form:
where a denotes additive part of standard deviation in mm, b is its multiplicative part in mm/km, and D is measured length in km. Standard deviation is thus obtained in mm.
Additive constant in both laboratories is determined in the same way -on the basis of measurements of standard lengths. In the pilot ML160 laboratory [9] four lengths were measured five times (before and after the intercomparison) and in the participant MLVGGS laboratory one length was measured 192 times. Comparison of the results of determining the additive constant of distancemeter is presented in Table 3 . The degree of the result compliance in determining distance-meter additive constant is calculated according to E (expression 2). Measurement uncertainties are determined in accordance with ISO/IEC 17043:2010, Guide to the Expression of Uncertainty. The measurement results shown in Table 3 indicate high conformity in determining the additive constant. The difference in the value of certain additive constant in both laboratories is about 25%. Due to the additive constant values and measurement uncertainty of its determination in both laboratories it can be concluded that by calibration it is determined that there is no additive constant (the constant value is less than the measurement uncertainty).
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Levelling calibration
Both participants of inter-comparison used the same instrument: Leica Geosystems, type SPRINTER 100M, provided by the MLVGGS laboratory. Calibration was performed using the methods:
• DIN 18723, Teil 2 -MLVGGS • ISO 17123-2 -ML160. Within the measurement, the measurement uncertainty of the levelled height difference of 1 km was determined. Comparison of the results is presented in Table 4 . 
If the previous condition is met the null hypothesis is accepted, which means that the results derived from measurements of the participants of the inter-laboratory comparison are in conformity. If the result is not in accordance with the test statistics, it points to the need to find the cause of deviations and resolve it. The results in this range are considered unacceptable or unsatisfactory, and certainly require reconsideration.
By comparing dispersions, we get: F=1.09, for the probability p=0.95% and the number of degrees of freedom
, which means that the results derived from the measurements of the participants of inter-laboratory comparisons are in conformity.
GPS antenna calibration
Inter-comparison was performed by determining the variations of the antenna phase centre position and comparing differences. Both inter-comparison participants used their base and the same instrument: LEICA, type SR20, serial number 30669, LEICA AT501 antenna provided by the MLVGGS laboratory based on the methods:
• VDM 01 -MLVGGS, • UNAVCO (2001): UNAVCO Academic Research Infrastructure (ARI) Receiver and Antenna Test Report -ML160. The used criteria for evaluation were the expanded measurement uncertainty for each group of measurements and each method [10] . Measurement uncertainties were determined in accordance with ISO / IEC 17043:2010 Guide to the Expression of Uncertainty and the results are presented in Table 5 . The conformity level was calculated through E (expression 2). Based on the inter-laboratory comparative measurements with the mentioned method, we can conclude that the results of the antenna phase centre variations obtained at the reference laboratories ML160 and VGGS are in conformity.
Theodolite calibration
Inter-comparison was performed by determining: collimation, inclination of the spin axis, vertical index position, measurement uncertainty of horizontal angles and measurement uncertainty of vertical angles. Both inter-comparison participants used the same theodolite ZEISS THEO010A provided by the ML160 laboratory. Calibration was performed using the methods:
• DIN 18723, Teil 3 -MLVGGS,
• ISO 17123-3:2001 -ML160. Table 6 shows comparison of calibration results. The conformity level was calculated through On the basis of inter-laboratory comparative measurements by the aforementioned methods, we can conclude that the results obtained in the reference laboratory of inter-laboratory comparison participants are in conformity.
Discussion and conclusions
Monitoring the quality of the results, the conformity assessment body, is achieved by including in the programmes: inter-laboratory comparison-ILC and proficiency testing -PT. The quality of results can be also monitored by internal measures of result quality assurance. By the application of internal and external measures of result quality assurance the conformity assessment body is provided with an opportunity to prove its ability to the users of its services and the accreditation body. Accreditation Body of Serbia (ATS) believes that participation in inter-laboratory comparison programmes -ILC and proficiency testing -PT is important and effective means to demonstrate proficiency of the body for conformity assessment, when its activities are verified.
Although the laboratories for length and angle calibration in geodesy use the appropriate standard calibration methods, laboratory management is aware that the correctness of the results is not necessarily ensured. The laboratory work is followed by visible, expected and unpredictable problems. Some of the problems can be solved "ad-hoc", during the work process, without disturbing the quality of the obtained results and their reliability. Verifying operation, providing confidence and quality control are focused on the reliability of the results of calibration and the laboratory user confidence in the provided services.
Laboratories for length and angle calibration in geodesy, in accordance with the requirements of ISO / IEC 17025:2005 must have procedures for monitoring the quality of calibration results. Laboratory policies and procedures have the ability to prove their competency to users or the Accreditation Body of Serbia. It is important to distinguish the evaluation of competency of the laboratory by assessment of its overall work in relation to the pre-defined requirements and the evaluation of the results of laboratory participation in inter-laboratory comparison. Evaluation of the results of the laboratory participation in an inter-laboratory comparison provides the information about the technical competency of the calibration laboratory at one point, under specific conditions of one or more calibrations, within a single, specific scheme. Results of inter-laboratory comparisons allow the identification of potential problems and verification of operation when modifying the existing or introducing new methods of calibration.
